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Introduction
The prevalence of diabetes mellitus (DM) is increasing worldwide. It is estimated that 235 million people have diabetes in 2010, and their number is expected to increase to 438 million by 2030 1 . Factors that contribute to the rising prevalence include prolonged survival of individuals with diabetes, screening programs, lowering of diagnostic criteria, growing attention to the disease which increases awareness and, last but not least, rising incidence of type 2 diabetes 2 . Sedentary way of life, rising prevalence of obesity 3 and lack of physical activity 4 are the major risk factors contributing to the increasing diabetes incidence. Incidence rates of diabetes ranged from 7.6 per 1000 person-years (PY) in Italy 5 , 13 per 1000 PY in the Netherlands 6 to 21 per 1000 PY in a high-risk population such as Mauritians 7 . Incidence rates of self-reported DM are usually lower than those obtained by oral glucose tolerance tests 8 , although they are rising, as documented by the age-adjusted incidence rates of diabetes from the United States Behavioural Risk Factors Surveillance System (BRFSS), which increased from 4.8/1000 PY in the 1995-1997 survey to 9.1/1000 PY in that from [2005] [2006] [2007] 9 .
Several studies have indicated that the prevalence of diabetes is higher in groups with low socioeconomic status (SES) 10 , with excess morbidity and mortality when compared to groups with higher SES. Determinants of SES which are found to be important in relation to the prevalence and complications of diabetes mellitus include income, education 11 , occupation 12 and ecological measures of poverty 10 . The majority of the studies on the relationship between SES and DM have focused on the prevalence of diabetes, while fewer have concentrated on the relationship between the incidence of DM and SES. Determinants of SES related to diabetes incidence are similar to those for diabetes prevalence. In addition, many classical risk factors that contribute to diabetes incidence, such as physical inactivity or increased body mass index are often intermediate factors of lower SES 13 . The prevalence of diabetes in Croatia is 6.1% in the 18-65-year age group 14 , with a high prevalence of obesity 15 . There are data on the incidence of type 1 diabetes in Croatian children 16, 17 , but those on adult population are still lacking. Our study was aimed at determining the cumulative incidence of diabetes in a 5-year period and exploring the relationship between patterns of SES, lifestyle factors and self-reported diabetes incidence in a large sample of the Croatian population.
Patients and Methods
This study was a part of the Croatian Health Cohort Study (CroHort), a repeated cross-sectional survey of Croatian adults aimed at providing a comprehensive community health assessment of Croatians, including their access to and use of health care services, health status, and determinants of health such as nutrition, physical activity, smoking, and alcohol consumption. The study was approved by the Research Ethics Committee, School of Medicine, University of Zagreb, grant number 04-1060-2006. Data were collected by community nurses trained for interviewing. The complete design of the CroHort study is described elsewhere 18, 19 . For the purposes of this investigation we included 2909 20-79-yr old respondents without diabetes mellitus on initial visit in 2003.
To investigate the incidence of DM, data on diabetes status (defined as patients' self-reported history of »ele-vated sugar« and taking of drug treatment for diabetes within the last week) were taken from the 2008 visit. Data on sex, age, level of education, self-evaluation of financial status, employment status, marital status, diet, physical activity, waist and hip circumference and body mass index were gathered from the baseline visit.
The level of education was categorized into 3 groups (unfinished + finished primary school, high school or similar, college or university). Financial status was categorized as below average, average and above average. Employment was defined as yes or no, while marital status was categorized into married or living in partnership and other (including being single, separated or divorced and widowed). Body mass index was calculated as weight (kg) divided by squared height (m 2 ). Subjects who reported at least two of the following risks were considered as having an unhealthy diet: consumption of animal fat, milk and dairy products with more than 1.5% of fat, eating sweets every day, not eating fruit every day and always adding salt to food. Subjects who reported at least two of the following risk factors were considered as physically inactive: working at home, travelling to work by public transport, or working within a 15-min walking or cycling distance, easy or a very easy job (sedentary or walking), physical activity less than 30 min a day during leisure time, advice received from a health care professional within the past year to increase physical activity.
Statistical analyses
All statistical analyses were performed using SAS (version 9.1.3). Normality of distribution was tested using Shapiro-Wilks test. Differences between groups of independent continuous variables were analyzed using t--test or Mann-Whitney U test while distributions of categorical predictors were compared using chi-square tests. Cumulative incidence of diabetes was calculated by dividing the number of incident diabetes cases by total number of persons who were diabetes free at baseline.
For the prediction of the probability of diabetes occurrence logistic regression analysis with best subset selection of predictors was performed. Variables with p<0.2 in bivariate regression were included in multivariate model, except for waist and hip circumference, given its high correlation with body mass index (Spearman coefficient of correlation 0.77; p<0.001). The final model was constructed by backward stepwise method using p value of 0.1 as a significance level for removal from the model. Statistical significance was defined as a p value less than 0.05 (p<0.05; two-tailed).
Results
There were 2909 persons without DM at baseline (2003), 2012 (69%) of them being women. Median age was 55 years (interquartile range 43-67) with median BMI of 26.6 kg/m 2 (interquartile range 23.9-30.0). Participants with new-onset DM were significantly older at baseline (p<0.001), less frequently employed (p=0.011), with greater waist and hip circumference and higher BMI (all p<0.001). There were no differences according to sex (p=0.964), self-evaluation of financial status (p=0.988), marital status (p=0.110), level of education (p=0.174), physical activity (p=0.638) and diet (p=0.233) between the participants with new-onset diabetes and those without diabetes. Differences between the groups with and without the onset of diabetes mellitus during the follow-up period are presented in Table 1 .
In 2008, 163 persons reported having diabetes (cumulative 5-year incidence=5.60%; 95% CI 4.82-6.50), 113 women (cumulative 5-year incidence 5.62%; 95% CI 4.70-6.71) and 50 men (cumulative incidence 5.57%; 95% CI 4.25-7.27). Cumulative 5-year incidence by sex and age and corresponding confidence intervals are presented in Table 2 .
For men, cumulative incidence was highest in the 50-64 age group, while women showed highest cumulative incidence in the 65-79 age group. In comparison to younger age groups, cumulative incidence was twice as high in the age groups over 50 years in both sexes.
Bivariate logistic regression analysis suggested that age, employment status, waist and hip circumference and BMI were significant predictors of the development of DM. Multivariate logistic regression model suggested that being married or living in partnership, BMI and age were significant predictors of the development of DM.
The odds for the development of DM in the multivariate analysis were highest with being married or living in partnership (OR 1.568), followed by BMI (OR=1.107) and then age which was associated with the odds ratio of 1.019. Data from the bivariate and multivariate logistic regression analysis are presented in Table 3 and Table 4 .
Discussion and Conclusion
The results of this study reveal higher cumulative incidence of self-reported DM than expected. There were no significant differences according to sex, while age distribution of new cases of diabetes demonstrated that diabetes incidence peaked at an earlier age in men (50-64 yrs.) than in women. Although the incidence was comparable in the 50-64-yr age group, it declined in 65-79-yr old men, while in women it continued to rise. This might be attributed to different perception of diabetes in the elderly, women showing more concern about diabetes, having more preventive check-ups and being more compliant about diabetes therapy in comparison with men. However, since majority of study participants were women, the confidence intervals for the cumulative incidence of diabetes for men are wider and less precise and the sex difference is not statistically significant between age groups.
The cumulative incidence obtained in our study was comparable to previously published reports based on diagnostic criteria which include blood glucose measurements. However, they were somewhat higher than those in the predominantly Caucasian population 20,21 and lower than in the Middle East population 22 , but also higher than the previously reported rates of self-reported diabetes 8,9 .
Studies using self-reported diabetes often underestimate true prevalence and incidence of diabetes due to surveillance bias or confounding by indication. However, in the recent years there has been an increased awareness owing to public health programs focused on diabetes. Better knowledge and awareness of diabetes could possibly explain higher self-reported cumulative incidence than expected in such surveys, higher even than those in the USA 9 .
Results from epidemiologic studies strongly point to the association between obesity and the development of type 2 DM in both men and women [23] [24] [25] , literature data strongly suggesting that lifestyle interventions can prevent or delay the onset of type 2 DM 26 . Our data also suggest that higher BMI, and waist and hip circumference are associated with a significantly higher risk for the development of diabetes, as expected. Physical inactivity 27 and unhealthy diet 28 have also been associated with a higher risk of incident DM. In our study, physical inactivity, the risk factor with a very high prevalence in Croatian diabetic subjects 29 , was not shown to be a significant predictor of diabetes and neither was unhealthy diet.
Unemployment was associated with a higher risk of DM; however, this association diminished when age was controlled for. Differences across categories of financial status and level of education did not reach statistical significance.
The association of marital status with the development of new-onset diabetes was an unexpected finding of this study. Previous studies have shown that individuals who are widowed, divorced/separated or single are more prone to diabetes development due to unhealthy lifestyle, lack of social support and stress. We hypothesize that the greater rate of diabetes in married individuals in our study is due to our definition of diabetes state. Since it included taking of diabetes medication within the last week, those who were more compliant with therapy would have been classified as diabetics, while those who, for various reasons, were not taking their pills would not have been recognized. Married individuals are known to [31] [32] [33] , with specificity being much higher than sensitivity for the diagnosis of diabetes, while higher education levels are associated with better self-report 34, 35 .
In view of this and due to the fact that the question »Do you have elevated sugar?« might also include those with IFG or IGT or the combination and exclude those with a well-regulated DM treated by medications, we opted to include both questions in the definition. This could have excluded patients with diagnosed DM on diet and lifestyle modification therapy alone. According to data from CroDiab, the national diabetes registry, the percentage of such patients is merely 8% 36 and with regard to that we believe that estimate of diabetes with taking of diabetes medication is more accurate for the purpose of this study. Earlier studies have confirmed the use of the syntagm »treated diabetes« as being sufficiently accurate for use in epidemiologic studies 37 .
Another limitation is the fact that over 2/3 of the study participants were women. This was taken into account and analyses were stratified by gender, whereas sex was taken as a possible confounder in the regression model used. Furthermore, diabetes status was not assessed between visits so we calculated only cumulative 5-year incidence.
Incidence of DM in Croatia reported in this study is relatively high in comparison to previous studies. The problem of a growing number of Croatian patients with diabetes and its adverse effects on health and society demands an integrative approach with various components of health-care and system strategies included. Special attention must be paid to population-oriented preventive actions in order to address this increasing burden. The finding of an increased risk of the development of DM associated with marital status requires further investigation to establish whether this is the effect of improved diagnosis and treatment in that part of the Croatian population or some other, as yet unrecognized factor.
